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Abstract 

Kaon mixing plays an important role in test of the Standard Model (SM) and new physics beyond 
it. Scale invariant unparticle physics leads to new effects on the meson- antimeson oscillation at 
the tree level. In this study, we investigate the unparticle effects on — mixing. Base on the 
current experimental data, we give constraints of — mixing on unparticle parameters. 
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I. INTRODUCTION 



K meson had played important role in parity violation and CP violation was first 
discovered in the natural meson j2|. Up to now, the indirect CP violation is unambiguously 
and precisely measured in FCNC process of — mixing, the parameter Ek, which 
describes the CP violation in — mixing, we can test the standard model together 
with the unitarity of VckM) from which some parameters of the Standard Model will be 
constrained. K^ — K^ mixing is valued very much in finding new physics, such as, one can use 
direct and indirect kaon CP violation to constrain the Warped kk scale|3|, yukawa unification 
may be probed with K'^ — mixing j^, Kaon mixing will give additional constrains on 
right-handed scale in super symmetry left-right symmetric mode [sl, kaon mixing in wraped 
extra dimensions with custodial protection has also been studied |6|. 

Georgi observed that unparticle with scale dimension looks like a non-integral number du 
of invisible massless particles jol. We know that scale invariance is the property of classical 
field theory. Any transformation of variables must observe the the rule of scale invariance. 
It is still very important for the research of the high energy physics. For an asymptotically 
free theory, the scale invariance is recovered at high energy limit, for QCD as an example. 
With the renormalization group method, the breaking of scale invariance will be included 



in the anomalous dimensions of operators here [71] . Stuff with scale invariance in the infrared 
region would be so different and less known to usjsl. However we will not give up it for its 
simple and attractive. We consider a scale invariant sector of an effective field theory that 
fulfil the special conditions. 

Recently, in the unparticle domain, Meson-antimeson oscillation is study by many articles, 
such as — K", — Z)°, — and 5° — 5° of the neutral meson systems. Therein, 



— Z)°, B^ — B^ and B^ — B^ is particularly researched by some articles 10|] 12| 13| . 
but only — is not clearly known by us. Because at Long distance contributions to 
oscillation parameters for — are larger, so we still not know its characteristic clearly. 
This article will try to do some research on the — mixing. Long distance effects 
contributes about 30% in AM^ domains the AF^, we will attribute them to unparticle 
effects. 

II. K° - K° MIXING IN THE SM 

At first, we give notations for the neutral kaon system. In the — system, the 
oscillation between the two neutral kaon mesons is described by the equation 
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where 

H^M-^^^( ""--f]. (2) 

with Mij and Fij being the transition matrix elements. We have assumed the CPT conser- 
vation and hermiticity for the matrices M and f . 

After diagonahzing the system and using the convention CP\K^{t)) — —\K^{t)), 
CP\K^(t)) = -\K^{t)), we obtain the eigenstates: 

V2(l+|6-n 
where £ is a small complex parameter given by 

1-e 



- ^in, 

l + e ^Mi2-i|ri2' 

In the SM, the oscillation between the flavor states K'^ and are caused by weak interac- 
tions, thus the above eigenstates are called by the weak eigenstates. In new physics which is 
beyond the SM, the eigenstates represent generalized states including both the SM and new 
physics effects. 

The eigenvalues associated with the eigenstates are 

Ml,s = m ± Reg, rL,s = r IF 2Img, (5) 

where 



Q=^ (Mi2 - t^T.^) (mi, - t^Tl,^ , (6) 

Consequently we get 

AM = M{Kl) - M{Ks) = 2Reg, AF = V{Kl) - V{Ks) = -4Img. (7) 

Since e is small, at the order of 0(10^^), the below relation is reasonable, 

ImMi2 < ReMi2, Imri2 < Reri2. (8) 

It should be noted that the above relation is still valid in the unparticle physics. Thus, 
neglecting the small imaginary part of M12 and ri2, we can get a good approximation: 

AMk ^ 2ReMi2, Ar;^ ^ 2Reri2. (9) 
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For the mixing parameter e, it depends on the phase convention. A convenient choice is 
Wu-Yang convention with ImAg = 0. Under this phase convention, an important formula 
for e is 
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i ImM 



12 



1 + i AMk 



(10) 



Now, we discuss the — mixing in the SM. At the quark level, the flavor changing 
neutral current transitions between K*^ and are induced through a box diagram with 
exchange of the intermediate up type quarks. From [16|, the SM contribution to M\2 is 



SM 
12 



-^2 

j2 D _ 2 \*2 



127r2 



fKBRrriKmy^ A* r]iSQ{xc) + r)2So{xt) + 2A*Aj?73S'o( 



where fx is the i^'- meson decay constant, mx the i^-meson mass, ]3k the renormalization 
group invariant parameter. The parameters A, = V*.Vid with Vis and Vid the CKM matrix 
elements. The functions 5*0 are 



4xt — lla;^ + x^ Inx^ 



2(1 -xt) 



Xr 



:i2) 



So{Xc,Xt) — Xc 



In 



Xt 



3x/ 



3xj In Xt 



Xc 4(1 -Xt) A{l-xtf_ 
The Tji are taken to be next-to-leading-order (NLO) values given in [? ? ? ? 

r^i = 1.38 ± 0.20, r/2 = 0.57 ±0.01, r^g = 0.47 ± 0.04. 



(13) 



For the ri2, the short- distance contribution arises from the on-shell quark interactions 
which is expected to be very small. The long-distance contribution coming from the inter- 
mediate hadron states would dominate. However, the precise calculation of this part suffers 
from the non-perturbative uncertainties. From the new physics point of view, it is difficult 
to disentangle the non-perturbative uncertainties from the new physics contribution. In this 
study, we make an assumption that is dominated by new physics, in particular the un- 
particle, and the SM contribution is 0. This approximation can be improved when 

the long-distance SM contribution is included. 

In the above derivations and the forthcoming discussions in the unparticle physics, the 
below relations are useful 



{K^sil - l,)dsa - l,)d\K') = -\fWKBK{^^f- 

3 ms + nid 



(14) 



where uis^d are the strange and down quark masses. 
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III. K° - MIXING IN UNPARTICLE PHYSICS 



In this section, we will study the — mixing from unparticle physics. In the low 
energy effective theory, unparticle fields will emerge below an energy scale The 
relevant low energy effective interactions for the s and d quarks is 



A? 



A 



(15) 



where Ou and denote operators of the scalar and vector unparticle fields respectively. 
The Cs and Cy are dimensionless coefficients and they depend on quark and lepton flavors 
in general. Since only quarks s and d are concerned in this study, we will simplify — )■ Cs 
and Cy — )• Cy in the later discussions. 

The propagators for the scalar and vector unparticle fields with the time-like momentum 
P are given by 

HQ 



rfW^-^(0|TOi,(x)Oe,(0)|0) 
d^a;e^^-(0|TO^(x)O^(0)|0) 



A, 



-idun 



A, 



-idu-jT 



where 



Ad,. 



167r5/2 Y{du + 1/2) 



(16) 



(17) 



We have assumed that the vector unparticle is transverse: 5^0^ 



{27r)^^^T{du-l)T{2duy 

0. The scale dimension 
du is fractional in general, and it cannot be integral (except du = 1 where the singularity 
is canceled by A^^ in the nominator) due to the singularity of the function sm{di(7T) in the 
denominator. The factor e~^'^^'^ provides a CP conser ving phase which produces peculiar 
interference effects in hig h energy scattering processes 14 1, Drell-Yan process [isl and CP 
violation in B decays 12 |. 




FIG. 1: The Feynman graphs of the — mixing in unparticle physics. The double dashed 
lines represent the unparticle fields. 

Unlike the SM where the AS = 2 FCNC transitions occurred at loop level, the unparticle 
contribution can induce a tree-level FCNC transitions between and which is depicted 
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in Fig. [U There are two diagrams corresponding to t- and s-channel unparticle exchanges. 
For the s-channel, the momentum of the unparticle = mj^. For the t-channel, the the 
momentum of the unparticle is not fixed which introduces an uncertainty in the calculation. 
Because strange quark mass is much greater than that of the down quark, rris ^ rrid, one 
may think that the momentum of the kaon meson is mostly carried by the strange quark. 
The momentum of the exchanged unparticle will be at the order of m^, and we make an 
approximation that ~ m|^. 

Using the Feynman rules given above, we obtain the final expression for the transition 
matrices in the unparticle physics. For the scalar unparticle. 



12 



TJlK 



rriK 



12 



5C| flBKAd^ / rriK 
U, 
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rriK 



u 



2d,, 



rris + rrid 
rris + rud 



COt{duTT), 



and 



<2 



4 rriK 



12 



rriK 



K J 
a7/ 



rriK 



rris + rrid 

rriK 
nis + rUd 



cot{dun), 



for the vector unparticle. For both cases, we have 



M^^ = cot(d^,7r). 



(19) 



(20) 



The above relation has been found in 17 1. 

For the mixing parameter e, it is straightforwardly to obtain 



1 + ^AM^"P' 



(21) 



where we have used the AM"^^ to replace the AM^ in Eq. ( ITUj) . The above formula is 
applicable for both the scalar and vector unparticles. 



IV. CONSTRAINTS OF THE UNPARTICLE PARAMETERS 

In the — system, the mass difference AMk, width difference ATk and the CP 
violating parameter e are the most important experimental parameters. We will make use 
of these data to constrain the phenomenological parameters of the unparticle physics. From 



PDG 19|], the experimental results are 



AM^'^P = 3.483 X 10"^^ GeV, 
AF^P = -7.348 X 10"^^ GeV, 

|cxp _ 9 990 V 1 n-3 



£p^P = 2.228 X 10"^ (22) 
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Here only the central values are given. In the previous sections, we have obtained the 
relations between the experiment and theory as 



AM^'P = 2Re(Mif + M^^), 
2Rer^2, 

ImMff + ImMfs 



Ar^^p = 2Rer^2, 



(23) 



icxp 



v^AM^'P 



In the last equation, we have approximated e by e ~ |£:|e*^. The SM contribution of Mf^ is 
given in Eq. (fTT!) and can be calculated reliably. The main uncertainty in SM comes from 
the parameter Bp^. If there is no QCD corrections, it is 1. The non-perturbative effects are 
estimated to be of order 30% [18|. In this study, we will use the value Bk = 0.75 ± 0.15 as 
in [l8|. 

After subtracting the SM contribution, the remained is the unparticle effect. Then we 
can know ReM[^, Rer^2 and ImM(^. Using Eqs. f|T8l [T9| [2T]) . we obtain the constraints of 



C5, Cv with du as following. From ReMj^, ReC| and ReCy are obtained as 

12(ms + m^)^ /rr},,^\-2dM 



ReC| 



ReC^ 



bAd^BKfKrriK V Aw 
ArriK 



tan(rft/7r) ReMj^2) 



AduBxfx 



3 3^ms+md' 

From Rer^2) ReC| and ReCy are obtained as 



2-2d, 



■u 

tan(rf^/7r) ReM[ 



ReC| 



Red 



—2mK 



-2du 



ReF' 



u 

12 5 



AcLuBkIk 



_ 5 / rriK y 
3 \ms+maj 



From ImF^2! IiiiC| and ImCy are obtained as 



ImC| 



ImC^ 



12{ms + rudY f ^K 

dAdi^BKfK^K ^^u 



AduBxfx 



3 ^ ma+md ' 



— ^ tan(d^/7r) ImMi^2. 

Aw / 



(24) 



(25) 



(26) 



A. Numerical analysis 



At first, we collect all the input parameters here 19 1 
CKM parameters (A, A, p, rj): 



A = 0.804: 



-0.022 

-0.015' 



A = 0.2253 ±0.0007, 



P 



n 1 09+0.022 

U.±OZ_Q Q]^4, 



rj = 0.341 ±0.013. (27) 
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Decay constant of kaon meson: 

fx = 160 MeV. (28) 

Quark and gauge boson masses: 

ma = 4.1 - 5.8 MeV, m, = 101^92^ MeV, = 1.27+°;°^ GeV, 

mt = 171.2 ± 0.9 ± 1.3GeV GeV, mw = 80.384 ± 0.014 GeV (29) 

B. SM results 



Mi2 

I -iSM 



1.07841 X 10"^^ - 1.0445 x 10'^^ GeV 
2.157 GeV 
2.120 X 10"^ 



(30) 



C. Unparticle 

The numerical results are given in Table [B This quantitative data tables is evidence 
to give feedback of the the constrain of the dimensionless coefficients Cs, Cy and fraction 
dimension "rf^Y"- 



D. -y/ReC| and ^ReC^, ^ImC| and ^ImC^ 

ReMY2 and -ReFfg are from the the above account of theoretics, tani^dwn) is playing the 
mainly role in above functions, it will decide the action of -ReC|,i?eCy,|/mC|.| and \ImCy\ 
with the du dimension. We can find that the value of the coefficient ReCg and ReCy in 
equation (24) will break sharp to infinity when the dimension dy of tan{duT^) is 1/2 integral. 
|/mC|| and \ImCy\ with the du also will break sharp to infinite when the dimension du of 



tan{di(T[) is half integer and e is from the data of PDG 19|. And there is no tan{duTT) factor 
in equation (26). so the change of the ReCg and ReCy here are mild with the dimension 
du- 



E. Constrains between the dimensionless coefficients and fraction dimension 

Thus we have got all equations of the relation of the Cs, Cy and dimension "d^^". And 
then we will discuss constrains between the dimensionless coefficients and fraction dimension 
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TABLE I: The dimensionless coefficients C^, Cy witfi different scale dimension cIk. The first two 
column "-y/ReC|" and "-^ReCy" are obtained from Eq. ([21]); the next two column "-y/ReC|" 
and " ^ReCy" are obtained from Eq. ([25]) and the last two column " ^ImC|" and " ^ImCy" are 
obtained from Eq. (j26|) . The energy scale Ay is chosen as A^^ = 1 TeV. 

du y/ReCl \/ReC2| y/ReCl ^ReC^ ^/irngg y/lmgy 
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FIG. 2: The — mixing parameter Xs is from the first equation of formula (24) with scalar 
unparticle scale dimension (1.0 < du < 3.0). The solid line is given for Ku = 1 TeV and the dashed 
for ku = 10 TeV 

"du''. Let"X(s,y) = Logio^\ReCfsy^\" and "Y^sy) = Logio,J\ImCf^\" {these "V, S" is the 
sign of " scalar and vector " ), we will have 6 graphs (FIG.2-FIG.7) of these relation . 

Account to the FIG.2-FIG.7 and TABLE 1, TABLE 2 of the - K° mixing we can find 
some points: 
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1.0 1.5 2.0 2.5 3.0 

FIG. 3: The — K'^ mixing parameter Xg is from the second equation of formula (24) with vector 
unparticle scale dimension (1.0 < du < 3.0). The solid line is given for Ku = 1 TeV and the dashed 
for ku = 10 TeV 




1.0 1.5 2.0 2.5 3.0 



FIG. 4: The — mixing parameter Xs is from the first equation of formula(25) with scalar 
unparticle scale dimension (1.0 < du < 3.0). The solid line is given for Ku = 1 TeV and the dashed 
for ku = 10 TeV 

1. The FIG. 2 and FIG. 3 correspond to equation (24), the whole current is increasing 
rapidly, the change of the mixing parameter LogiQ\J\ReCg\ and Loqiq'^ \ReCy \ are not hold- 
ing smoothly when the scalar or vector unparticle scale dimension getting 1.0 < dy < 3.0, it 
will break sharply when the du are some given values. Especially, when the duT^ is 7r/2 inte- 
gral, the mixing parameter will break to some odd points and the curve will not be smooth. 
This is because of the term (tan), for the tan function, the value will break to +oo or — oo 
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FIG. 5: The — mixing parameter Xy is from the second equation of formula (25) with 
vector unparticle scale dimension (1.0 < du < 3.0). The solid line is given for Au = 1 TeV and the 
dashed forA^ = 10 TeV 
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1.0 1.5 2.0 2.5 3.0 

FIG. 6: The — mixing parameter Ys is from the first equation of formula (26) with scalar 
unparticle scale dimension 1.0 < du < 3.0. The solid line is given for Au = 1 TeV and the dashed 
for Au = 10 TeV 

when the variable is getting 7r/2 integral. So the equation(24) will happen such movements. 
Another point is, we can make the parameter Au = ITeV and Au = lOTeV, the different 
change of graph is just only on the parameter range of the function. Such parameter change 
will not influence the approximately profile, that can be seen clearly on the FIG. 2 and FIG. 3. 

2. The different status are given on the FIG. 4 and FIG. 5 represent the dynamic properties 
of equation (25). The change of the mixing parameter LogiQj\ReCg\ and LogioJlReCyl are 
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1.0 1.5 2.0 2.5 3.0 

FIG. 7: The — mixing parameter Yy is from the second equation of formula (26) with vector 
unparticle scale dimension 1.0 < du < 3.0. The solid line is given for Au = 1 TeV and the dashed 
for Au = 10 TeV 

holding smooth and gradually increase rapidly with the dimension is getting 1.0 < du < 3.0. 
The term (tan) are not included, so the graph will not break in the range of the 1.0 < du < 
3.0. 

3. The movement rules of the equation (26) are the same as those of equation(24). It also 
can be breaking to some oddity points and the change curve will not become smooth. See 
the FIG. 6 and FIG. 7, and contrast with the FIG. 2 and FIG. 3, the approximately profile are 
same in the (1.0 < du < 3.0). It is also due to the (tan) term in the equation(26), it also 
can happen the same circs that the value will break to the odd points when the variable is 
getting tt/2 integral. This will be very apparently and transparently when we notice that 
equation (24) and (26) have the same source, both from the first formula of equations (18) 
and (19), reflect the relations between C| and Cy and the dimension du- In addition, from 
above discussions we can get the conclusion that the unparticle — mixing parameter 
C| and Cy have the intense restriction with the change of the dimension du- So the — 
mixing may be present some new physics in some fractional dimension. 

V. CONCLUSIONS 

In this paper, the new physics effects of the K^ — K^ mixing from scale invariant unparticle 
sectors have been explored. We consider sufficiently the contribution from the Standard 
Model part and the contribution from the new physics effects of the unparticle. They will 
contribute together to the experimental observations such as AM^^, AF*^^^ and \e\- Overpass 
the account of the Standard Model part, we get the contribution of the new physics. In the 
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research of the — mixing, we find that the — mixing provides the most stringent 
constraint on the couphng mixing parameter of the scalar and vector unparticles with the 
dimension du- The dependence of scale dimension du shows that the mixing parameter is 
sensitive to the scale dimension, those sensitivity are presented on the FIG.2-FIG.7 and 
TABLE 1, and these obtained parameters' value may have important use on investigation 
of new physics. 



T. D. Lee and C. N. Yang, Phys. Rev. 104 (1956) 254. 

J. H. Christenson, J. W. Cronin, V. L. Fitch and R. Turlay, Phys. Rev. Lett. 13 (1964) 138. 

J. H. Christenson, J. W. Cronin, V. L. Fitch and R. Turlay Phys. Rev. 140B (1965) 74. 

O. Gedalia, G. Isidori and G. Perez, Phys. Lett. B 682, 200 (2009) [axXm090532MJ [hep-ph]]. 

S. Trine, S. Westhoff and S. Wiesenfeldt, JHEP 0908, 002 (2009) |arXiv:0904.0378] [hep-ph]]. 

Y. Zhang, H. An and X. d. Ji, Phys. Rev. D 78, 035006 (2008) |arXiv:0710. 14541 [hep-ph]]. 

B. Duling, J. Phys. Conf. Ser. 171, 012061 (2009) [arXiyi090L4599J [hep-ph]]. 

For recent reviews, see: V.M. Braun, CP. Korchemsky, D. Mueller, Prog. Part. Nucl. Phys. 



51, 311-398 (2003) [arXiv: |hep-ph/0306057] ; S.J. Brodsky, arXiv: |hep-ph/0408069 

T. Banks and A. Zaks, Nucl. Phys. B 196, 189 (1982). 

H. Georgi, Phys. Rev. Lett. 98, 221601 (2007) [arXiv:hep-ph/0703260] . 



M. Luo and G. Zhu, Phys. Lett. B 659, 341 (2008) ; arXiv:0704.3532 [hep-ph]]. 
L. L. Chau, AIP Conf. Proc. 113 (1984) 449. 

C. H. Chen and C. Q. Ceng, Phys. Rev. D 76, 115003 (2007) [arXiv: 0705. 06891 [hep-ph]]. 
X. Q. Li and Z. T. Wei, Phys. Lett. B 651, 380 (2007) [ arXiv:0705.182n [hep-ph]]. 
H. Georgi, Phys. Lett. B 650, 275 (2007) [arXiv:0704.2457] [hep-ph]]. 

K. Cheung, W. Y. Keung and T. C. Yuan, Phys. Rev. Lett. 99, 051803 (2007) [arXiv:0704.2588l 

[hep-ph]]. 



G. Burdman and I. Shipsey Ann. Rev. Nucl. Part. Sci. 53, 431 (2003) [arXiv:hep-pli70 310076 1 . 
S. L. Chen, X. G. He, X. Q. Li, H. C. Tsai and Z. T. Wei, Eur. Phys. J. C 59, 899 (2009) 



[arXiv:0710.3663 [hep-ph]]. 

A. J. Buras, arXiv:hep-ph/980647l| 

K. Nakamura et al. [ Particle Data Group Collaboration ], J. Phys. G G37 (2010) 075021. 



13 



